Background and Purpose-The role of aspirin plus clopidogrel (A+C) therapy compared with aspirin monotherapy in patients presenting with acute ischemic stroke (IS) or transient ischemic attack remains uncertain. We conducted this study to determine the optimal period of efficacy and safety of A+C compared with aspirin monotherapy. Methods-Ten randomized controlled trials (15 434 patients) were selected using MEDLINE, EMBASE, and the Cochrane Central
T he role of antiplatelets for the secondary prevention of ischemic stroke (IS) or transient ischemic attack (TIA) is well established [1] [2] [3] ; still the antiplatelet regimen with optimal efficacy and safety is to be determined. Aspirin has been known for years to reduce recurrent strokes after the initial episode. [1] [2] [3] Dual antiplatelet therapy with aspirin and clopidogrel (A+C) is recommended in acute coronary syndromes, 4 but the data in acute IS or TIA has been inconsistent. [5] [6] [7] European guidelines do not recommend A+C combination in patients with recent occurrence of stroke. 8 However, current American Heart Association/American Stroke Association 5 guidelines recommend 21-day treatment with A+C to be started within 24 hours of symptom onset with minor stroke (Class IIa; Level of Evidence B) based on the CHANCE trial (Clopidogrel in High-Risk Patients With Acute Nondisabling Cerebrovascular Events) in Chinese population which demonstrated 33% reduction of recurrent IS with no increase in major bleeding. 9 Recently, the multinational POINT trial (Platelet-Oriented Inhibition in New TIA and Minor Ischemic Stroke) revealed 28% reduction in subsequent IS with A+C in comparison to aspirin monotherapy; however, major bleeding events were doubled. 10 However, certain trials [11] [12] [13] failed to demonstrate any reduction in recurrent IS, accompanied by increased risk of major bleeding. Furthermore, prior meta-analyses have shown inconsistent results and were not able to propose a definite strategy regarding the optimal duration of A+C treatment. 6, 7, [14] [15] [16] [17] Because of the lack of consensus on the optimal A+C duration, we performed a systematic review and metaanalysis to assess the efficacy and safety of subgroups based on the duration of dual antiplatelet therapy (DAPT).
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Methods
We performed and reported the meta-analysis as stated by the Cochrane collaboration guidelines, 18 AHA Journal's Transparency and Openness Promotion guidelines, 19 and Preferred Reporting Items for Systematic Reviews and Meta-Analyses report. 20 Authors declare that all supporting data are available within the article and in the online-only Data Supplement.
Search Strategy
Two authors (Drs Rahman and Khan) conducted the search by using online databases MEDLINE (PubMed), EMBASE, and the Cochrane Central Register of Controlled Trials (CENTRAL) from inception of databases to June 31, 2018. We used the following words and MeSH terms in combination: ischemic stroke, cerebral infarction, cerebrovascular disease, transient ischemic attacks, aspirin, clopidogrel, aspirin and clopidogrel combination, antiplatelets, randomized controlled trials. The search was limited to studies only on human subjects published as full text articles. The search strategy is reported in the online-only Data Supplement. To supplement the electronic database search, bibliographies of the relevant articles were reviewed. All citations were uploaded into EndNote X7 (Thompson ISI Research Soft, Philadelphia, PA). Duplicates were removed manually and by using EndNote X7.
Selection Criteria
Studies were evaluated at title and abstract level followed by full text scrutiny by 2 authors (Drs Nasir and Hammad) based on the following inclusion standard. The whole process was supervised by a third person (Dr Rahman), and disagreements were resolved by consensus. Studies that met the following criteria were included: (1) randomized controlled trials; (2) comparing A+C with aspirin alone in patients with noncardioembolic IS or TIA; (3) not suitable for thrombolysis; (4) adults ≥18 years of age; and (5) reported at least recurrent IS and major bleeding as end points. The above criterion was not restricted to language, sample size, comorbidities and follow-up duration.
Data Extraction and Quality Assessment
Data extraction was performed (Drs Khan and Nasir) using 3 different collection forms comprising baseline characteristics of participants (sample size and comorbidities), study characteristics (study design, demographics, intervention doses, and follow-up duration), and outcomes (events, sample size, event rate, and crude point estimates). Quality assessment of randomized controlled trials was provided based on the Cochrane bias risk assessment 21 ( Table I in the online-only Data Supplement).
Outcome Measures
Since after TIA or IS, the early 3-month risk of recurrent stroke ranges from 5% to 20% and is highest within the first 1 month, [22] [23] [24] [25] we aimed to assess the efficacy and safety of interventions based on the duration of DAPT. Therefore, analyses were stratified according to short-(≤1 month), intermediate-(≤3 month), and long-term (>3 month) durations. We determined the primary efficacy outcome as recurrent IS. It was defined as rapid onset of a new or worsening of existing focal neurologic deficit, with clinical or imaging evidence of infarction that was not attributable to a nonischemic etiology. The primary safety end point was major bleeding. There was slight variation in the definition of major bleeding among different trials as mentioned in Table II in the online-only Data Supplement. The secondary outcomes were all-cause mortality and major adverse cardiovascular events (MACE), which was defined as composite of recurrent stroke, cardiovascular mortality, and myocardial infarction.
Statistical Analysis
The current meta-analysis was conducted using generic invariance weighted random effects model. 26 Random effects were used to account for heterogeneity in patient population of the included studies. Estimates were reported as risk ratio (RR) with 95% CI, supplemented by risk difference. Relative risk was used to report outcomes in the forest plots, and risk difference estimates are reported in Table  III in the online-only Data Supplement. A P of ≤0.05 was considered significant. Heterogeneity was evaluated using the Q statistics and quantified with the I 2 index with values ≥50% consistent with a high degree of heterogeneity. 27 We conducted stratified analysis based on the duration of A+C therapy. Moment of methods meta regression analysis was conducted to assess the impact of various study and baseline patient characteristics on the primary outcomes. Publication bias was assessed using Egger's regression test. 28 Comprehensive meta-analysis software version 3.0 (Biostat, Englewood, NJ) was used for conducting all analyses.
Results
A total of 10 randomized controlled trials 9-12,29-34 comprising 15 434 patients were eventually selected comparing A+C therapy with aspirin alone in patients with IS or TIA. The initial database search recovered 14 560 articles; 9248 were duplicates, and 5113 records were removed at title and abstract level. Additionally, on full-text review, 189 studies were removed when desired outcomes were not reported or when A+C combination was not compared with aspirin alone or when studies were systematic reviews and meta-analyses ( Figure 1 ). The MATCH trial (the Management of Atherothrombosis With Clopidogrel in High-Risk Patients) 13 was excluded because it compared A+C with clopidogrel alone.
Among the included trials (Table) , 7 studies were double blinded [9] [10] [11] [12] 29, 33, 34 ; 3 were conducted worldwide 10, 11, 33 ; 5 were conducted in Asian population 9,29-32 and 1 trial each in North America 12 and Europe. 34 Three studies enrolled solely patients with IS, 11, 29, 31 and the rest of the studies included both IS and TIA patients. Onset to treatment after an IS or TIA was within 72 hours in majority of studies. The mean (SD) age of the participants was 64.0±3.4 years, and 61.1% of the participants were males (Table IV in the online-only Data Supplement). As our analysis was based on the duration of DAPT, 6 studies met the criteria for short-term analysis and 2 studies each were included in intermediate-and long-term analysis. The POINT trial 10 measured outcomes at 1 week, 1 month, and 3 month for MACE and major bleeding, so we included both 1-month and 3-month data in our short-and intermediate-term analysis, respectively. Subgroup analysis of measured outcomes separately for IS or TIA, type of strokes, and timing of DAPT initiation could not be performed because of inaccessible patient-level data.
Primary Efficacy Outcome
A+C therapy significantly reduced the risk of recurrent IS at both short-term (6.4% versus 10.0%; RR, 0.53; 95% CI, 0.37-0.78; I 2 =21%) and intermediate-term (4.8% versus 6.7%; RR, 0.72; 95% CI, 0.58-0.90; I 2 =0%) durations compared with aspirin monotherapy. Conversely, there was no significant difference between both the groups at long-term duration (6.3% versus 7.7%; RR, 0.81; 95% CI, 0.63-1.04; I 2 =0%; Figure 2 ).
Primary Safety Outcome
At short-term duration, A+C therapy was comparable to aspirin monotherapy (0.4% versus 0.2%; RR, Figure 3) . Interestingly, no events of major bleeding occurred in 7-day and 14-day follow-up trials, although they were small, 30, 32, 34 so the result of short-term major bleeding outcome was based on 4 trials 9,10,29,31 of around 1-month A+C therapy, which indicates that the safety of 1-month dual therapy is comparable to that of aspirin alone.
Secondary Outcomes
In terms of MACE, A+C therapy was superior to aspirin monotherapy at both short-term ( 
Meta Regression Analysis
Moment of meta regression analysis did not reveal any significant association of the primary efficacy and safety outcomes with various covariates (Table V in the online-only Data Supplement).
Discussion
Our analysis comprising 10 randomized controlled trials was stratified based on the duration of A+C therapy. The short-term A+C strategy demonstrated maximal benefit of 47% relative risk reduction in recurrent IS and 32% relative risk reduction in MACE without significant increase in major bleeding. Intermediate A+C strategy led to 28% and 24% relative risk reduction in recurrent IS and MACE, respectively. This strategy, however, also led to >2-fold increase in major bleeding. To identify any net advantage of mid-term aspirin and clopidogrel regimen, the number needed to treat to prevent one MACE was 59 and number needed to harm to cause one more major bleeding event was 139 patients. Long-term A+C failed to reduce recurrent IS or MACE, instead it significantly enhanced the risk of major bleeding and all-cause mortality when compared with aspirin alone.
The risk reduction of recurrent IS by A+C therapy seems to be maximum during the short-term duration, which most likely corresponds to the greater risk of recurrent IS within few days to first month after IS or TIA. [22] [23] [24] [25] Of the total 3-month recurrent IS in the POINT 10 and the CHANCE 9,35 trials, around 64% and 74% occurred within the first week and nearly 84% and 87% occurred within the first month after TIA or minor IS, respectively. In the POINT trial, the rate of major ischemic vascular events during the period of 31 to 90 days was not significant among the treatment arms. It is possible that the significant reduction of recurrent IS in our mid-term analysis was mainly because of substantial beneficial effect achieved within the first week or first month.
The timing of DAPT initiation after an IS or TIA is the key determinant of the efficacy of the therapy. In the POINT 10 trial, DAPT was introduced within 12 hours and in the CHANCE trial 9 within 24 hours of a minor IS or TIA. The 
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time-to-event hazard ratio curves for recurrent IS in both studies were divergent in favor of DAPT within the first 1 to 2 days, indicating early onset of benefit of DAPT. In contrast, in the ESPRIT (European/Australasian Stroke Prevention in Reversible Ischaemia Trial) 36 trial, which randomized patients to DAPT and aspirin monotherapy within 6 months of a minor IS or TIA, the slope of time-to-event hazard ratio curve for ischemic events was steady and nondivergent during the initial course of therapy. This suggests that DAPT should be initiated within 12 to 24 hours after a minor IS or TIA to achieve maximal efficacy.
With respect to the long-term DAPT, our analysis was predominantly based on the SPS3 trial (Secondary Prevention of Small Subcortical Strokes) 11 which enrolled patients within 180 days of subcortical lacunar IS and did not demonstrate significant reduction of recurrent IS with A+C, rather than there was higher risk of major bleeding and all-cause mortality. These findings might be related to very late A+C initiation, consequently falling outside the desired therapeutic efficacy time frame and rendering the therapy ineffective. This study enrolled subjects with small cerebral artery disease in which the pathophysiology is less likely related to the atherothrombosis, which is the primary mechanism for large cerebral artery disease. 37 The results of the SPS3 are particularly at odds with randomized trials comparing long-term use of aspirin and extended-release dipyridamole, which demonstrated significant reduction in major vascular events in patients with minor stroke or TIA. 36, 38 It would be intriguing to directly compare regimens like aspirin and extended-release dipyridamole with A+C during long-term exposure specifically in patients with minor IS or high-risk TIA with low-risk bleeding profile.
The reluctance to use DAPT after an IS or TIA is primarily because of the fear of bleeding and especially intracerebral hemorrhage. Unfortunately, the natural history of bleeding after an IS has not been clearly established as opposed to recurrent IS. For instance, one recent post hoc analysis of 6 randomized trials indicated about 2-fold greater risk of major bleeding in the initial 30 days of DAPT (A+C or aspirin+dipyridamole) as compared with 31 to 90 days. 39 Also, the major bleedings within 30 days of DAPT were mainly caused by gastrointestinal bleeds rather than the intracerebral hemorrhage events. In contrast, the MATCH trial 13 did not show any early increase in life-threatening bleeding and intracerebral hemorrhage with A+C treatment, and the bleeding complications were steady over the span of 18 months of dual therapy, pointing toward a time margin at which risks exceed the benefits as evident in our analysis.
In the contemporary POINT trial, 10 the major bleeding events were slightly higher in the first 30 days as compared with those in the 31 to 90 days, regardless of DAPT or single antiplatelet therapy. This high early bleeding risk could be explained by several possible mechanisms like increased sensitivity to antiplatelets initially, adjunctive anticoagulation and procedures, and unrecognized vulnerability causing predisposed patients bleed earlier, leaving behind less bleeding susceptible population. [39] [40] [41] In the analysis of the EXPRESS (Early Use of Existing Preventive Strategies for Stroke) and the FASTER (Fast Assessment of Stroke and TIA to Prevent Early Recurrence) trials, there was higher risk of major bleeding with A+C therapy in aspirin-naïve patients as compared with the patients previously on aspirin. 42 Therefore, the patients not on any antiplatelet therapy before an IS or TIA should be carefully screened for other bleeding risks (unexplained microcytic or iron deficiency anemia, uncontrolled hypertension, advance age, renal and liver disease, history of peptic ulcer disease or other bleeding diathesis, large-territory ISs, thrombocytopenia, and anticoagulation) that might argue against DAPT. Better long-term blood pressure control after an IS has pivotal role in preventing major bleeding and recurrent stroke. 43 The data regarding intermediate duration A+C therapy should be interpreted with caution as oftentimes major bleedings can be more incapacitating than ischemic events. Moreover, this analysis did not include minor bleedings which may generate additional negative impact on patients' well-being and use of medical resources. Among the events categorized as major bleeding, gastrointestinal bleeding, the most common, is less likely to result in permanent impairment as opposed to intracerebral hemorrhage or recurrent IS. 11, 39 The delicate risk benefit balance with intermediate duration A+C therapy should be further investigated among various IS and TIA subpopulations. Few ongoing trials will provide more insight about various other antiplatelet strategies (Table VI in 
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The current analysis has provided better evidence and decisive approach towards optimal duration of A+C therapy after an IS or TIA. Previous meta-analyses did not analyze efficacy and safety of A+C therapy separately at ≤1-month and ≤3-month durations. Zhang et al 6 and Tan et al 7 analyzed A+C therapy at ≤3-month and >3-month durations. Their results were contrasting in terms of both major bleeding at ≤3-month duration and recurrent IS at >3-month duration. Zhang et al 6 also included the MATCH trial which compared A+C with clopidogrel rather than aspirin as monotherapy. Few studies 15, 16 did not stratify analysis based on the duration of A+C, whereas others 14, 17 included patients without recent IS or TIA. Our study has several limitations: (1) there were significant variations in the patient characteristics, timing of DAPT initiation after IS or TIA, 11, 34 severity and mechanism of strokes and the brain territory at risk, duration of DAPT, follow-up period, and dose of antiplatelet and adjunctive therapy. These could not be elucidated because of unavailability of patientlevel data. (2) Prevalence of CYP2C19 genetic variants in the clopidogrel group and their association of genotypes with clinical outcomes could not be assessed. (3) The potential impact of preexisting use of antiplatelet agents or concurrent medical therapy could not be investigated because of lack of access to patient-level data. (4) The subgroup analyses to further investigate the 1-week, 2-week, or 2-to 4-week outcomes could not be performed because of unavailability of data and variation in the onset to treatment. (5) Certain estimates might lack statistical power to show clinical differences. For instance, despite the lack of statistical significance, the use of long-term A+C might still be beneficial in terms of recurrent IS and MACE because the overall point estimates were still in favor of A+C therapy.
In conclusion, A+C therapy is most effective and adequately safe in reducing recurrent stroke and MACE when administered in the initial weeks after the reference IS or TIA. Use of midterm (up to 3 month) combination strategy could only be considered in carefully selected IS or TIA subjects who are at high risk for recurrent IS and carry low bleeding propensity. Finally, long-term (≥3 month) A+C treatment did not show significant benefit rather increased the bleeding risk compared with aspirin monotherapy. However. the long-term efficacy of A+C therapy might be affected by limited statistical power and late initiation of A+C therapy. Hence, long-term A+C therapy should be further investigated in well-powered clinical trials.
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